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N a recent paper (1) I have described certain methods of culture by means of which the conidia of ' biologic forms' of Erysiphe Graminis DC. can be induced to infect leaves of host-species which normally are immune, to their attacks. In the present paper further methods are described by which the same result can be obtained. A series of experiments has also been carried out with the object of ascertaining the infection powers of the conidia of the first generation of the Fungus produced on leaves rendered susceptible by certain treatments, as well as the infectionpowers of the conidia of succeeding generations. In the first part of the paper the various methods of culture which have been used will be briefly mentioned, as well as the results obtained concerning the infection-powers of the conidia. The second part of the paper will describe more in detail the experiments carried out.
Part /.^-The methods, which I have previously described, of inducing susceptibility in a leaf normally immune to the attacks of the 'biologic form' of the Fungus used, have consisted in affecting the vitality of the leaf by cutting out a piece of its tissue or by injuring the leaf by touching it with the red-hot point of a knife (see (1) , pp. 108, in). Conidia of ' biologic forms' which are unable to infect normal uninjured leaves of certain host-species proved, able to do so when sown at these injured places.
This method of culture of removing by a cut with a razor a small piece of leaf-tissue was again successfully employed in the preliminary experiments of the present series (see PartII, sect. a). Further, the results of several experiments have demonstrated the fact that the ascospores of a ' biologic form' are able, like the conidia, to infect such injured leaves, although they proved, in experiments previously carried out and here again repeated, to be unable to infect uninjured leaves of the host-species used.
Salmon.-Further Cultural Experiments zvith
In one experiment in which a leaf was pricked with a pin, a slight susceptibility x was induced. The susceptibility was restricted to the cells at the ed£e of the holes caused by the pin.
In farther experiments an injury to the leaf was caused by stamping out with a cork-borer a circular piece of the leaf-tissue 4 mm. in diameter. Conidia sown on the cells at the edge of the hole were able to cause good infection, and produced eventually little patches of mycelium bearing some hundreds of conidiophores. Ascospores, also, sown at the same place, proved able to cause infection. . Experiments were then made with leaves which had been injured by having large pieces eaten out of them by slugs. Conidia and ascospores were sown over the surface of such injured leaves, and proved able to infect the cells at the edge of the bitten places, producing on these cells little patches of mycelium bearing conidiophores, while elsewhere on the leaf they were not able to cause infection.
In a large number of experiments leaves were injured by pressure in such a way that patches of bruised cells were produced. In some cases the end of a vertical wooden rod (with a flat surface, 7 mm. across) was placed on a leaf laid on a glass slide, and a pressure exerted for a certain time by means of a weight attached to the rod. Bruises were made, also, by pressing hard, with the hand, the rounded end of a glass rod on the leaf placed on a glass slide; and also by nipping the leaf hard at the margin with a pair of forceps. In all the methods the bruised cells themselves (unless they were killed), proved susceptible, and also the cells immediately surrounding them.
The effect of injury caused by the action of narcotics was then tried. An exposure to ether vapour for \\ or 2 minutes was found to render the leaf susceptible. In some cases the susceptibility induced was very marked, the leaf presenting, a few days after inoculation, the appearance of being almost fully infected over the whole of the inoculated area.
Exposure to chloroform vapour for 10 seconds, also, induced some degree of susceptibility.
Immersion in a mixture of alcohol and water, and also exposure to vapour of alcohol, rendered leaves in many cases remarkably susceptible. Leaves immersed for 2-22 hours in a io°/ 5 mixture of alcohol and water were rendered, in several instances, susceptible to such a degree that the conidia sown produced over the inoculated area abundant patches of mycelium bearing many hundreds of conidiophores. The same marked susceptibility was induced in leaves exposed for 3 minutes to vapour of alcohol.
The effect of injury by heat was then tried. Leaves were placed in cold water, and the water heated slowly to 50 c C.; the leaves were then taken out, dried and inoculated. A marked susceptibility was shown by the leaf after this treatment, and in many cases inoculation was followed by the appearance of almost full infection. Ascospores as well as conidia were used in these experiments. Marked susceptibility, shown by the production of minute powdery <9zV&«w-patches, was also induced by immersing leaves for 1 minute in water at the temperature of 49-5° C. or 50° C. The same result was obtained when leaves attached to plants growing in a pot were immersed for 1 minute in water at the temperature of 50 0 C.
We see, then, from the results of the above experiments, that not only mechanical injuries, such as wounds from cuts, bruises, attacks by slugs, &c, but also injuries due to the action of narcotics and heat, caure a leaf to become susceptible to a ' biologic form' of a Fungus to which it is normally immune.
To describe cases where a form of a Fungus which is specialized to certain host-plants and confined to them under normal circumstances proves able to infect injured parts of a strange host, I propose the terms xenoparasite and xenoparasitistn' 1 . In the case of the specialized Fungus when on its proper host under normal conditions the terms oecoparasite and oecoparasitism may be used.
It is obvious that mechanical injuries quite similar to those produced by cutting, bruising, &c, described in the above experiments, are constantly being inflicted on plants in nature-by animals, and by frost, hail, wind, &c. In the case of cereals the agricultural operation of rolling seedling plants causes a number of leaves to be torn or bruised. An experiment carried out during the present spring has demonstrated that bruised places on leaves produced by rolling are rendered susceptible in the same way as those caused artificially by pressure in the experiments mentioned above (see, also, Part II, Section e). At the beginning of last May I collected from a field of young barley which had just been rolled a number of bruised leaves. The soil of the field was stony and ' steely,' and in the operation of rolling about 3O°/ o of the.leaves had been bruised more or less severely. Ten of these.injured barley leaves were placed in a Petri dish on damp blotting-paper; and each inoculated over the bruised cells with conidia taken from wheat leaves. On the fourth day several of the leaves bore at the inoculated place numerous small straggling mycelial patches, and on the seventh day these patches, in the case of four of the leaves, bore several little tufts of a few clustered conidiophores. A number of saprophytic Fungi were now growing vigorously at the injured places, and stopping the further growth of the Oidium.
Through the work of Janczewski (7) and of Sorauer (8) proof has been given that the action of frost causes injuries to plants which render them susceptible to attacks by certain saprophytic Fungi which are not able to infect them under normal circumstances. Injuries caused by hail, &c, affecting plants in the same way, have been described by Hartig (10) and Sorauer (9) .
In the hypothesis advanced in my previous paper (1, p. 113) to account for the susceptibility shown by leaves injured by a cut or burn, it was assumed that in consequence of the vitality l of the leaf-cells being affected by the injury, either the protective enzymes or similar substances normally present are destroyed or become weakened, or the production of them by the protoplasm is interfered with, in the cells in the neighbourhood of the injury. This hypothesis may still be advanced to account for the same susceptibility being shown when leaves are injured by the action of alcohol, ether, chloroform, or heat, since it is known that protoplasmic functions are temporarily inhibited by anaesthetization, and that a high temperature may partially or entirely inhibit the process of the secretion of an enzyme (3).
Attention may be directed to the fact that these cases of the loss of immunity, brought about by causes which affect the vitality of the leaf, find their exact parallel in the recorded instances of induced susceptibility in animals to certain diseases caused by bacteria. The decrease of vitality caused by fatigue, action of drugs, abnormal food, or environment has been proved to induce susceptibility to certain bacteria in the case of animals which are immune under normal circumstances (4, 5) .
In a recent paper published by Ray (6) the statement is made that plants of maize exposed to ether vapour or to heat were rendered by this treatment more susceptible to the attacks of a yeast-form of Ustilago Maydis which had been grown saprophytically for some time. According to Ray, the increased growth of the Fungus here shown was due to the injury to the plant having caused a change in its metabolism. The change assumed is that a certain plastic substance, which serves as food for the Fungus, accumulates in consequence of its non-transference by an enzyme of the host-plant.
A series of experiments was carried out with the object of ascertaining the infection-powers of the conidia of the first generation produced on leaves injured by the action of alcohol, ether, and heat respectively. Leaves of barley thus treated were sown with conidia taken from wheat. The conidia produced on the treated barley leaves were sown simultaneously on 1 Until our knowledge of the physiology of the cell has progressed further, it is necessary to use the general term vitality to express the sum of the individual physiological processes at work in the cell. External factors which affect the normal balance in the working of the individual physiological processes increase or decrease the vitality of the plant. a normal uninjured leaf of barley and of wheat. In the eleven cases in which the barley leaves, on which the conidia were produced, had been treated previously with alcohol, in the four cases in which heat had been used, and in the one case in which ether had been used, the conidia proved totally unable to cause any infection on the barley leaf, while producing in every case full, and usually virulent, infection on the wheat leaf. In a single case \ only, the conidia produced on a barley leaf previously treated with alcohol, when sown simultaneously on a normal uninjured leaf of barley and of wheat, gave rise on the barley leaf to a small patch of mycelium bearing a few conidiophores. The Fungus, at an early stage, however, showed evident signs of being unable to develop fully, and soon died away. On the wheat leaf full infection resulted, and the Fungus persisted until the death of the leaf.
In order to see, in these cases in which the conidia produced on the treated barley leaves infected wheat leaves, whether the infection-powers of the Fungus would vary in subsequent generations, conidia of the successive generations produced on wheat, up to the sixteenth generation, were cultivated. In these experiments 211. leaves of barley and of wheat were inoculated, and the conidia infected fully, and in most cases virulently, the wheat leaves, while never producing any sign of infection on the barley leaves.
These experiments demonstrate the fact that the infection-powers of a ' biologic form ' are not altered by its residence for one generation on a strange host-plant treated in the manner described, a fact which gives some evidence in favour of the idea of the hereditary nature of the infectionpowers of some ' biologic forms.' The results of other experiments which I have recorded (2) show, however, that the infection-powers of some ' biologic forms' may be considerably influenced by the effect of a new host-plant 2 . The results obtained in the present series of experiments may thus be summarized :-(1) Susceptibility can be induced not only by various kinds of mechanical injury, but also by such interference with the normal functions of the cell as follows the application of anaesthetics and heat.
(2) The conidia of the first generation produced on leaves of a strange host-plant previously subjected to the action of alcohol, ether, or heat retain the power of infecting their original host, and do not acquire the power of infecting normal leaves of their temporary host.
Part II.-In the Experiments described below, the Fungus used in inoculation was the ' biologic form' of Erysiphe Graminis DC. on wheat.
a. INJURY BY ' CUTS V
In four experiments (Exper. Nos. a 17, a 22, a 46, 01065) conidia were sown on thirty-one ' cut' barley leaves 2 , on the cells of the mesophyll tissue exposed by the cut. Infection resulted on sixteen of these leaves, minute patches of mycelium bearing numerous conidiophores appearing in nine to fourteen days.
In one experiment (No. a 45) a sharp razor was drawn longitudinally along the blade of the leaf, making a fine slit-like cut, which extended to, but did not cut through, the lower epidermis. A cut of this nature, 1-5 cm. to a cm. long, was made on five leaves. In the case of four leaves infection resulted along the edge of the cut, where numerous patches of mycelium were produced, and on three leaves a few scattered conidiophores were produced by a few of the patches of mycelium bordering the cut.
Uninjured barley leaves were then inoculated with ascospores. In the first experiment (No. ]) two wheat leaves and two barley leaves,-both attached to seedling plants in pots, were introduced into a Petri dish, at the bottom of which wheat leaves bearing ripe and bursting perithecia were placed. The four leaves were fixed horizontally at a little distance above the perithecia, and exposed for three days to inoculation by the ascospores which were being continuously thrown up. At the end of this time the two pots of wheat and barley with the four inoculated and marked leaves were placed under a bell-jar. On the fifth day (November 28) the two wheat leaves bore very numerous (fifty to eighty) minute flecks of mycelium. No trace of infection appeared on the barley. On the seventh day many of the patches on the wheat leaves bore groups of ripe conidiophores; the nine control leaves were all free. On the tenth day the two wheat leaves were covered almost continuously on the upper surface for two-thirds of their length with densely powdery Oidium-patches; the controls were still all free. No signs of any infection appeared on the barley 3 .
In the next experiment (No. 2) leaves of wheat and barley were removed from plants and inoculated with ascospores, with the object of seeing if the injury to the barley leaf caused by its removal from the plant would bring about susceptibility. Two wheat leaves and two barley leaves were exposed for three days to ripe, bursting perithecia. On the tenth day the two 1 The manner in which the cut was made has been described in (1), p. 108. * In all the experiments the first leaf of seedling plants was used. * A dozen pots of seedling plants of barley were allowed to stand for four months in a greenhouse, among pots of wheat plants virulently infected with Oidium, and were constantly inoculated by conidia blowing on to the leaves and stems. No trace of any infection appeared on the barley, notwithstanding that the health of the plants became much impaired by unfavourable conditions of growth.
wheat leaves were covered, over the" inoculated surface, with little powdery Oidiitm-patches, about thirty on each leaf. No signs of any infection were visible on the barley, although the surface of both leaves was covered with many hundreds of germinating ascospores which had been ejected from the perithecia. The number of the ascospores was so great that here and there, at places where hundreds had germinated together, a whitish-looking patch had been produced. There was not the slightest sign of any infection, however.
Experiments were then made to see whether ascospores would be able to infect' cut' leaves of barley.
In the first experiment (No. 3) three barley leaves were removed from the plant and ' cut' on the upper surface ; they were then suspended over ripe perithecia for 48 hours with the 'cut' surface upwards. On the fourth day several germinating ascospores were visible opposite the ' cut' on one leaf, and formation of a lobed haustorium from several of the appressoria had taken place. On the fifth day three vigorously growing patches of mycelial hyphae proceeding from germinating ascospores were visible on this one barley leaf, on the epidermal cells opposite the 'cut.' On the seventh day a few young conidiophores were produced, and on the ninth day ripe conidiophores. On the tenth day all the leaves were yellow and. translucent. No infection was visible on two leaves; on the third leaf three patches of mycelium, each bearing conidiophores, were visible opposite the ' cut'; also two small patches of mycelium, each proceeding from a single ascospore and each bearing two or three conidiophores, were visible at a distance of 1 mm. beyond the region opposite the 'cut' On the remaining parts of this same leaf could be seen hundreds of ascospores which had been ejected from the perithecia, and which had germinated, but, being on cells out of reach of the influence caused by the injury, had failed to produce any infection.
In the second experiment (No. 4) four ' cut' barley leaves were inoculated with drops of water containing ascospores (obtained by crushing ripe perithecia in the water). The drop was placed on the uninjured epidermis opposite the 'cut' in the case of two leaves, and on the cut surface of the other two leaves. On the eighth day a vigorous patch of mycelium with a few young conidiophores was visible on the cut surface (i.e. on cells of the exposed mesophyll) of one leaf. On the twelfth day this leaf bore a vigorous radiating mycelial patch with several conidiophores.
In the remaining two experiments (Nos. 5, 7) six barley leaves were removed from plants and 'cut,' and were then exposed for 48 hours to inoculation from ripe, bursting perithecia. Two leaves Were exposed with the ' cut' surface downwards (i. e. facing the perithecia), and four with the ' cut' surface upwards. At the end of the forty-eight hours germinating ascospores, with appressoria formed, were visible on all the leaves at the K 2 'cut' places, and on one leaf penetration from the appressorium, and the formation of a haustorium in an epidermal cell opposite the 'cut' had taken place. By the next day the haustorium had developed lobed processes. On the seventh day young conidiophores were produced, on little patches of mycelium, opposite the ' cut' on two leaves, and on the tenth day mature conidiophores with ripe conidia. On the fourteenth day the leaves were translucent, and hundreds of ascospores were visible which had been sown over the surface of the leaf exposed to the bursting perithecia. The ascospores had germinated, and produced appressoria, but, except at the ' cut' place of two leaves (as noted above), had been unable to cause infection. In two cases, however, at a distance of 2 mm. beyond the region opposite the ' cut,' an ascospore had germinated, and produced a lobed haustorium, and a few short, thick hyphal branches from the appressorium. In the first experiment (No. 6) twelve pricks were made in a barley leaf with a pin (causing holes 0-5-0-75 mm. in diameter), at a distance of 3 mm. from each other, in two parallel lines across the width of the leaf. Conidia were sown round all the holes, and in the region between the two lines of holes. On the seventh day minute flecks of mycelium proceeding from germinating conidia were visible at the edge of two of the holes. On the ninth day a few conidiophores appeared round these two holes. On the fourteenth day a few conidiophores were still present round one of the holes. The leaf was now nearly dead, and translucent at the inoculated places. No production of conidiophores took place in the region between the lines of pin-pricks, but two conidia, each at a distance of 075 mm. from the nearest hole, germinated and produced a small patch of barren mycelial hyphae.
In other experiments (Nos. 6,10) nine pricks were made with a needle, at a distance of 3 mm. from each other, in a single row on a barley leaf. No infection followed the inoculation of this leaf. The same negative result was obtained when a circle, 4 mm. across, of seven pin-pricks was made on a barley leaf, and conidia sown on the cells in the centre of the circle.
Ascospores were then sown on barley leaves, in which nine to fourteen pin-pricks, in a longitudinal row, at a distance of 2 mm. from each other, had been made. No infection resulted; the ascospores germinated vigorously, and produced appressoria, but were not able to form any mycelial hyphae. In one experiment (No. 6) a circular hole, 4 mm. in diameter, was stamped out of a barley leaf with a cork-borer. Conidia were sown, on December 5, and on the fourth day clear signs of infection were visible on the cells at the edge of the hole. By the seventh day flecks of mycelium, bearing young conidiophores, were produced round the margin of the hole. By the ninth day about a hundred mature conidiophores were visible, all close to the edge of the hole. On the fourteenth day small but vigorous mycelial patches, bearing conidiophores, were visible round the hole ; this part of the leaf was now yellow, translucent, and nearly dead. A few of the conidia which had been sown at a little distance from the hole produced a few short mycelial hyphae.
In another experiment (No. 9) two uninjured wheat leaves, and one barley leaf in which a circular hole 4 mm. in diameter had been made with a cork-borer, were exposed for 48 hours to inoculation from ripe, bursting perithecia. On the seventh day (December 19) the two wheat leaves bore numerous minute flecks of mycelium ; the barley leaf bore small flecks of mycelial hyphae proceeding from germinating ascospores at the margin of the hole, at places where the epidermal cells had been dragged away in the process of stamping out the hole. On the tenth day each of the wheat leaves was covered, for the whole length (6 cm.) which had been exposed to the bursting perithecia, with very numerous, small, powdery Oidium-patches. No infection of the barley leaf had occurred except at the very edge of the hole, where at three places little patches of mycelium, bearing two to three conidiophores with chains of ripe conidia, were formed, and also several barren patches of mycelium. This leaf was decolourized, and on examination was found to have been inoculated with ascospores all over its surface ; these spores had germinated everywhere, but except at the injured place had been unable to cause any infection.
INJURY CAUSED BY SLUGS.
Experiments were made in which barley leaves injured by the attacks of slugs were inoculated, conidia being used in the first two experiments, and ascospores in the last two.
In the first experiment (8*) barley leaves were exposed for twelve hours to the attacks of some slugs kept in captivity, at the end of which time the leaves were much injured by having large pieces eaten out of them. The leaves were inoculated over their whole upper surface. After thirteen days infection was visible here and there along the edges of the bitten places, where vigorous little patches of mycelium bearing a few conidiophores were formed. By this time the leaf-cells in the neighbourhood of the injured places were yellowish, transparent, and nearly dead. It was noticeable that infection occurred most frequently at the places where the leaf had been bitten nearly to shreds. In another experiment (No. 12) one barley leaf, treated similarly to the above, bore on the sixth day several vigorous little patches of mycelium at the edge of the bitten places. These patches were, however, barren, with the exception of one patch which bore four conidiophores.
In the first experiment (No. 10) in which ascospores were used, one wheat leaf and one barley leaf, both just removed from seedling plants, were placed by the side of a barley leaf out of which slugs had eaten large pieces 1 . The three leaves were exposed for 48 hours to inoculation from ripe, bursting perithecia. By the third day the leaf which had been injured by slugs was yellow and translucent in its upper half, and hundreds of ascospores could be seen germinating on its surface. On the sixth day the wheat leaf was covered with very numerous powdery Otdmm-patches ; the uninjured barley leaf was covered with hundreds of ascospores which had germinated but failed to produce infection ; the barley leaf injured by slugs was infected with numerous vigorous little patches of mycelium, some of which bore a few young conidiophores. The fertile patches were all situated along the edges of the bitten places; at a distance of 1-2 cm. from the places of injury several little barren patches of a few straggling hyphae occurred.
In the second experiment (No. TI) four barley leaves, out of which slugs had eaten portions here and there, thus producing numerous irregularly shaped holes, were exposed for 48 hours to ripe, bursting perithecia. On the sixth day two of the leaves bore each several little patches of mycelium proceeding from germinating ascospores situated close to the edges of the bitten places. The patches were mostly barren, but a few had produced one to three conidiophores. On one leaf an ascospore situated at a distance of 2-5 em, from the edge of a hole had germinated and produced a few mycelial hyphae and two young conidiophores.
e. INJURY BY PRESSURE.
In the first series of experiments the following apparatus was used. A glass tube was supported vertically in the clamp of a stand placed on a table. A wooden rod of a slightly smaller diameter than the tube was passed through the latter, and thus kept upright. The upper end of the rod carried a cork disk, on which the weight used was placed ; the lower end had a flat surface of 7 mm. diameter, with a rounded edge to avoid cutting the leaf. The leaf was placed flat on a glass slide on the table, and the end of the wooden rod rested on it.
Three experiments were made in which the weight 2 used was 9-5 oz.; the pressure was applied to three barley leaves, attached to growing plants, for 24 hours. The leaves were then cut off, and placed in a Petri dish; conidia were then sown on the bruised place. In the first experiment (No. i) vigorous patches of mycelial hyphae, proceeding from the sown conidia, were visible on the fifth day, on the semi-translucent tissue which had been bruised by the pressure of the weight. On the seventh day a small cluster of nearly mature conidiophores was visible on the bruised place. On the thirteenth day there were several little clusters of conidiophores 1 on the bruised part, which was now yellowish and translucent. On the seventeenth day patches of conidiophores were still visible, scattered over the bruised place.
In the second experiment (No./) conidia were sown not only on the bruised part but also at a distance of 1-5 cm. from the edge of the bruise. On the seventh day (Jan. 16) the central part (which measured 2-5 mm. across) of the bruised tissue was formed of translucent, dead, and disorganized cells ; round this the cells were slightly yellowish, and nearly translucent, and here numerous little patches of mycelium were formed. On the twelfth day several little clusters of conidiophores, on patches of radiating mycelial hyphae, occurred round the bruise, at distances up to 2 mm. from the edge of the bruise. Two of the conidia sown at a distance of 0-75 cm. from the bruise produced a minute patch of mycelial hyphae and a few conidiophores ; some of the conidia sown at a distance of 1-5 cm. produced minute barren patches of mycelial hyphae.
In the third experiment (No. a 2) a few patches of mycelial hyphae, bearing a few conid"iophores, were produced on the bruised cells.
In the next three experiments, pressure, using a weight of 9-5 oz., was applied for 2 hours only.
In experiment No. k, conidia were sown on the bruised place and also on either side at a distance of 1 cm. By the tenth day five little patches of mycelium, each with a few conidiophores, were visible on the bruised place; no infection occurred at the inoculated places 1 cm. distant. In the two other experiments (Nos. a 21, a 25) no infection resulted on the slightly bruised places.
In six experiments barley leaves were injured by pressure applied by hand in the following way. The barley leaf was laid flat on a glass slide, and the end of a glass rod with rounded edges was pressed firmly down so as to crush a group of cells. By this means a circular bruise, 4-5 mm. in diameter was made. The crushed cells were rendered more or less translucent, and if the bruise was severe soon died ; the surrounding tissue for a little distance became discoloured by the expression of cell-sap from the injured cells into the intercellular spaces, and so rendered more or less translucent by transmitted light and opaque by reflected light.
In the first experiment (No. vi) eight barley leaves were bruised rather lightly on the upper surface. On the sixth day small vigorous mycelial patches, with large lobed haustoria, were observed, on three of the leaves, proceeding from conidia sown on the bruised cells themselves. On the fifteenth day one leaf bore several mycelial patches with a few weak scattered conidiophores; on the two other leaves only a few small barren mycelial patches had been formed. No infection occurred on the other leaves. It was evident that the injury inflicted was not sufficient, in most cases, to render the leaf susceptible.
In the next experiment (No. a 1) three barley leaves were bruised more severely. Inoculation was made on the bruised cells on the upper surface of two leaves, and on the lower surface, on cells opposite the bruise, in the third case. On the fourth day numerous vigorous little patches of mycelial hyphae were visible on the upper surface of the two leaves, on the bruised cells themselves. On the sixth day several of these patches bore a few conidiophores. On the eighth day one leaf bore numerous vigorous little tufts of conidiophores on the bruised cells themselves; a few conidiophores had been formed, also, on the bruise on the second leaf; on the third leaf, on the lower surface, no infection had occurred. On the thirteenth day the three leaves were translucent throughout; the two leaves inoculated on the upper surface bore vigorous little conidiophore-bearing patches of mycelium on the bruised cells and on those immediately surrounding them; no infection resulted from the conidia sown at distances of a mm. and 3 mm. from the bruise. The leaf inoculated on the lower surface, opposite the bruise, bore one little barren patch only, of a few mycelial hyphae.
In the third experiment (No. a 13) three barley leaves were bruised on the upper surface, and a space 0-5 cm. wide was marked off at either side at a distance of 0-5 cm. from the edge of the bruise. Inoculation was made both on the bruised part and on the spaces marked off on either side. On the sixth day infection had resulted on the bruised place on all the leaves, both on the bruised cells themselves and on those immediately surrounding them. On the eighth day small vigorous mycelial patches, mostly bearing a few conidiophores, occurred on all the leaves. No infection occurred at the marked places 0-5-1 cm. distant from the bruise.
In a further experiment (No. a 8) one barley leaf was severely bruised and inoculated over the bruise. By the tenth day a few conidiophores and several patches of mycelium were visible on the cells immediately surrounding the bruise.
In one experiment (No. ia) a leaf attached to a seedling plant of barley, about three weeks old, was bruised. The leaf was inoculated at the bruised place, and laid on damp blotting-paper at the bottom of a Petri dish, the lid being placed over it. The roots of the seedling plant were kept in water. On the sixth day the bruised place was covered with very vigorous but barren mycelial patches. By the tenth day the mycelial patches were comparatively large and vigorous, but still remained barren. The latter fact was perhaps due to the circumstance that several saprophytic Fungi were beginning to invade the injured part of the leaf.
A narrow longitudinal bruise, 3 cm. long and 1 mm. wide, was made on three barley leaves in one experiment (No. a 15) . By the sixth day infection had taken place on all the leaves at the injured place, vigorous mycelial patches being visible on the injured translucent cells. On the eighth day a few conidiophores were visible. On the tenth day all the leaves bore numerous vigorous mycelial patches bordering the sides of the bruise. Many of the patches bore numerous conidiophores, which in several cases were closely clustered.
In three experiments (Nos. a 5, a 9, a 36) forty-five barley leaves were bruised with the end of a glass rod, as before, and then exposed to ripe, bursting perithecia. In four to six days more or less vigorous patches of mycelium (with vigorous lobed haustoria), proceeding from germinating ascospores, were formed at the edge of the bruise on ten of the leaves. At the end of this time the injured tissue of the leaves became more or less completely covered by a vigorous growth of saprophytic Fungi, the spores of which had been sown with the ascospores.
Five experiments (Nos. ^57, a 6$, #31, a52, a 020) were made in which barley leaves were nipped hard at the margin with a pair of forceps, causing a severe bruise about 4 mm. long and 1 mm. wide. Twenty-one leaves were thus treated, and inoculated on the upper surface. Fourteen leaves became infected at .the bruised place. On all the fourteen leaves vigorous mycelial patches were produced in five to seven days, and after seven to thirteen days these bore numerous conidiophores which in some cases formed little clustered tufts.
(. INJURY CAUSED BY NARCOTICS, ETC.
Experiments were now made in which leaves were exposed to the action of ether, chloroform,, and alcohol respectively,, and then inoculated.
a. Ether.
Barley leaves were cut off from seedling plants and exposed to ether vapour in a closed Petri dish. In three experiments nine barley leaves and three wheat leaves were exposed for 20, 10, and 3 minutes; all the leaves proved eventually to have been killed by this treatment.
In experiment No. a 55, three barley leaves and two wheat leaves were exposed for 2 minutes to ether vapour, and then inoculated over the greater part of the upper surface. On the twelfth day the two wheat leaves were completely covered, over the inoculated part, with continuous patches of densely powdery Oidium. On one barley leaf minute patches of mycelial hyphae were visible, one patch bearing two conidiophores. On the fifteenth day the wheat leaves bore a continuous dense powdery Oidiumpatch 2 cm. long; two of the barley leaves bore a few mycelial patches, one or two of which, on each leaf, bore a little cluster of conidiophores. No infection occurred on the third leaf.
In experiment No. a 50, four barley and four wheat leaves were exposed, two leaves of each for 2 minutes, and two for \\ minutes. The leaves were then exposed to the air for 1 hour, after which they were inoculated and placed at the bottom of a closed Petri dish, as usual. On the eighth day it was found that, of the leaves exposed for 2 minutes, the two barley leaves and one of the wheat leaves had been killed ; the remaining wheat leaf was killed in places here and there, and in the living parts was virulently infected and bore powdery Oidmm-patches. Of the leaves exposed for i£ minutes, the wheat leaves were covered with dense mycelial patches, here and there powdery with ripe conidiophores and conidia ; no infection was apparent at this date on the barley. On the thirteenth day the wheat leaves exposed for i£ minutes bore extended and continuous densely powdery Otdhtm-patches, pinkish in colour, consisting of very vigorous conidiophores bearing conidia in abnormally long chains. One barley leaf was now seen to be infected. This leaf bore, scattered over the inoculated surface, vigorous mycelial patches of interwoven hyphae, and numerous well-grown patches of clustered conidiophores. Altogether several hundreds of conidiophores were produced on this barley leaf, and the appearance was that of almost full infection. The other barley leaf was not infected.
In another experiment (No. a 54), in which two barley leaves and two wheat leaves were exposed for i£ minutes, both the wheat leaves became virulently infected, but no trace of infection appeared on the barley.
In experiment No. a 44, three barley leaves and two wheat leaves were exposed for 1 minute. On the ninth day the two wheat leaves were covered continuously for a distance of 4 cm. with a powdery Otdium-patch; at this date there were no signs of infection on the barley. On the sixteenth day one barley leaf bore a few minute patches of mycelium, which in two cases bore a few conidiophores. On the twentieth day the one barley leaf bore numerous vigorous little patches of mycelium, most of which bore little groups of clustered conidiophores ; another barley leaf bore one comparatively large patch of mycelium bearing a few conidiophores. No infection occurred on the third barley leaf. Conidia taken from the infected barley leaf and sown on an uninjured leaf of barley and of wheat proved able to infect only the wheat.
b.
Chloroform-vapour.
Exposure of wheat and barley leaves for 30 seconds proved fatal to all the leaves used. In experiment No. a 08, three barley leaves were exposed for 10 seconds. Two of the leaves showed on the ninth day a few minute patches of mycelium, bearing a few small clusters of conidiophores.
c. Alcohol.
Barley leaves immersed in a 2 °/ o mixture of alcohol and water for i hour, i\ hours, and 4 hours showed no signs of being rendered susceptible.
A 10 °/ o mixture was then used. Immersion in this for 42 hours proved fatal to barley leaves. In one experiment (No. 71) three barley leaves were immersed for 22 hours. On the eleventh day one leaf bore three little clusters of a few conidiophores and a few minute mycelial patches ; the two other leaves were killed. In one experiment in which six barley leaves were immersed for 16 hours all the leaves were killed. In another experiment (No. a 052) , however, in which four barley leaves were immersed for 19 hours, two leaves only were killed. The two remaining leaves were rendered susceptible, and on the eleventh day bore over the upper inoculated surface abundant mycelial patches, with hundreds of conidiophores. These conidia were sown on an uninjured leaf of barley and of wheat, and proved able to infect only the wheat.
In two experiments immersion for 5 hours was given. In the first (No. a 84) six barley leaves were used, and three control barley leaves were also inoculated with conidia from the same source. On the ninth day two of the treated leaves bore very numerous mycelial patches over the sown area, but no conidiophores were produced. The latter fact was perhaps due to a sudden spell of very cold weather which lasted during the close of the experiment. No trace of infection occurred on the controls. In the other experiment (No. a 06) six leaves were inoculated. On the tenth day five of the leaves bore very numerous vigorous mycelial patches bearing hundreds of clustered conidiophores. These conidia when sown on three uninjured leaves of barley and four uninjured leaves of wheat infected only the wheat leaves.
In six experiments immersion for 4 hours was given, and in every case some at least of the treated leaves were rendered susceptible, the infection induced being in some cases very pronounced.
In one experiment (No. a 66) two of the three barley leaves inoculated showed on the sixth day (Feb. 26) clear signs of being infected, by the presence of numerous flecks of mycelium, with hundreds of conidiophores, over the inoculated area. On the ninth day one of the leaves presented the appearance of full infection, the upper surface being covered for a distance of 2 cm. with small, scattered, powdery Oidium-patches. On the second leaf vigorous little patches of conidiophores appeared scattered over the surface of the leaf for a length of 4 cm. No infection was visible on the third leaf. On the fifteenth day the two barley leaves still presented the same appearance of full infection ; on the third leaf a few mycelial patches bearing a few conidiophores were visible. In this experiment the leaves used were rather old. The conidia produced on the barley leaves were sown on four leaves of barley and of wheat, and proved able to infect only the wheat.
In experiment No. a 77, three barley leaves were again used. On the. ninth day two of the leaves appeared fully infected, and bore hundreds of conidiophores in little clusters scattered over the inoculated surface ; on the third leaf only a few scattered almost solitary conidiophores appeared. In this experiment again oldish leaves were used. Conidia taken from the two barley leaves and sown on two uninjured leaves of barley and of wheat proved able to infect only the wheat.
In experiment No. £ 78, three barley leaves were again used, and all became apparently fully infected, bearing on the eighth day numerous little clusters of conidiophores and patches of mycelium over the sown area.
In experiment No. a 82, three barley leaves were used, and two of these on the tenth day presented the appearance of being fully infected. In this experiment three control leaves (rather old) of barley were inoculated. On two of these a few isolated single conidiophores appeared.
In experiment No. a 09, twelve barley leaves were rubbed lightly in distilled water to remove the adherent film of air; six were then immersed in the alcohol for 4 hours. After being dried, these six leaves were inoculated, together with the other six leaves, and all were placed side by side at the bottom of two Petri dishes. On the ninth day, in one Petri dish, two of the leaves which had been treated with alcohol bore a number of conidiophores, and one control leaf bore four isolated conidiophores. In the second Petri dish, all the treated leaves bore the appearance of being fully infected, the inoculated area of each leaf bearing many hundreds of conidiophores. No trace of infection occurred on the three control leaves. On the fourteenth day one of the treated leaves in the second Petri dish was covered over its surface for a distance of 3 cm. with many hundreds of conidiophores. No trace of any infection appeared on the three control leaves. Conidia from the treated barley leaves were sown on two uninjured leaves of barley and of wheat, and infected only the latter.
In experiment No. a on, three treated leaves and three controls were inoculated. On the eighth day the three treated leaves bore scattered conidiophores over the inoculated surface. By the thirteenth day the three treated leaves bore numerous conidiophores, sometimes in little groups, over the inoculated place; no trace of any infection appeared on the controls.
Immersion of barley leaves for 3 hours inaio°/ o mixture of alcohol was made in one experiment (No. a 66) , in which three leaves were used. On the ninth day a few scattered, isolated conidiophores were visible on all the leaves. On the fifteenth day two of the leaves bore little clustered groups of conidiophores. On the seventeenth day one leaf bore numerous vigorous patches of clustered conidiophores; the other two leaves bore only a few isolated sub-solitary conidiophores, just as in cases of' sub-infection V A 20 °/ o mixture of alcohol was used in a few experiments. It was found that immersion for 4 hours in alcohol of this strength killed barley leaves. In two experiments barley leaves were immersed for a hours. In experiment No. a 85, the three treated leaves showed on the seventh day evident signs of injury, the injury often being local and causing the death of patches of cells. On one leaf a patch of numerous clustered conidiophores appeared at the inoculated place. In experiment No. a 90, three leaves were treated, and inoculated together with three control leaves. On the eighth day all the treated leaves were killed or injured in places towards their tips; one leaf bore a few little clusters of conidiophores, and several patches of. mycelium. No infection occurred on the controls.
The effect of vapour of alcohol was tried in two experiments. In the method employed the barley leaves were suspended on an open cradle over a watch-glass containing absolute alcohol, in a hermetically closed Petri dish. Exposure for 10 minutes was found to kill the leaves. In experiment No. tf 027, two leaves were exposed for 3 minutes (the air being more or less completely saturated with vapour of alcohol at the commencement). On the sixth day one of the leaves presented all the appearance of being fully infected, and bore vigorous patches of mycelium with thousands of conidiophores at a place towards the tip of the leaf, surrounding a patch of cells killed by the action of the alcohol. Conidia from this barley leaf sown on an uninjured leaf of barley and of wheat proved able to infect only the wheat.
Drops of various poisons (caustic potash, 10 °/ o ; copper sulphate (1 part in 100); sulphuric acid, 10 °/ o ) were placed on barley leaves, and after the leaves had been washed in water conidia and ascospores were sown . on the patches of cells killed by the action of the poisons, and on the cells immediately surrounding, but no infection resulted. ij.
INJURY CAUSED BY HEAT.
It was found that barley leaves, heated in water up to 67 0 C, and left in the water until it had cooled to 50° C, were killed. Also, if barley leaves are immersed in water heated to 48° C, and the temperature is then raised to 65 0 C, and the leaves left in the water until it cools to 6o° C, the leaves are at once killed. Barley leaves can, however, stand immersion in water at a temperature of 50 0 C, and this treatment induces a marked susceptibility of the leaf. In five experiments barley leaves were placed in cold water in a large glass beaker, and the water heated slowly to 50 0 C. The leaves were then taken out at once, dried, and inocu-lated. In experiment No. a 86, the three barley leaves thus treated all became infected, at the marked places, by the seventh day. On one leaf numerous mycelial patches and hundreds of conidiophores, often in little clusters, were produced ; on the two other leaves a few scattered, subsolitary conidiophores appeared among the sown conidia. In experiment No. a 07, four barley leaves were gently rubbed in water to remove the adherent film of air. One leaf was then put into a vessel of cold water, and the water heated slowly to $0° C.; the leaf was then taken out, dried, and inoculated. The three other leaves were at the same time removed from the cold water, dried, and inoculated. On the ninth day the heated leaf bore, over the inoculated surface, thousands of scattered conidiophores ; none of the controls was infected. In experiment No. aoio, six barley leaves were rubbed in water to remove the air-film, and three were then slowly heated in water to 50 0 C.; all the six leaves were then dried and inoculated. On the ninth day the three heated leaves all bore very numerous conidiophores, and presented the appearance of being fully infected. On one control leaf three isolated conidiophores appeared. In experiment No. a 023, three barley leaves were put straight into cold water, and heated slowly to 50° C. The leaves were then taken out, dried, and inoculated. The heating took 1 hour 25 minutes. During this time three control barley leaves stood immersed in a vessel of cold water; these also were dried and inoculated at the same time. On the eighth day numerous scattered conidiophores, and patches of mycelium, were visible on the three heated leaves ; no signs of infection were visible on the controls at this date. On the thirteenth day the controls had turned yellowish, and were completely translucent; on two leaves a conidium was visible, which had germinated and produced a few short spreading hyphae, and in one case two conidiophores had been produced from the hyphae.
In experiment No. a 038a, six barley leaves were cut off from strong flowering plants, 3 feet high, and 5 months old, growing in the open. Three leaves were immersed in cold water, and the water heated slowly to 50° C. All six leaves were cut into pieces about 8 cm. long, inoculated, and placed in a Petri dish. On the seventh day two of the treated leaves bore many scattered little patches of mycelium, several of which bore a few clustered conidiophores. No infection occurred on the controls.
In one experiment (No. a 036) ascospores were used. Six barley leaves and two wheat leaves were used ; three of the barley leaves were put straight into cold water, and the water heated gradually to 50° C. The leaves were then taken out and dried, and together with the three control barley leaves and the wheat leaves, were exposed for 48 hours to ripe, bursting perithecia, ejecting ascospores. On the eighth day the two wheat leaves bore numerous powdery Oidium-patches scattered over the inoculated surface; no signs of any infection appeared as yet on the barley leaves.
On the tenth day a few tiny flecks of mycelium bearing a few conidiophores were visible on the three barley leaves which had been heated ; no trace of any infection occurred on the three control barley leaves. On the thirteenth day the three heated barley leaves bore numerous little scattered clusters of conidiophores. Conidia from these leaves were sown in two cases on uninjured leaves of barley and of wheat, and proved able to infect only the wheat.
In experiment No. #013, six barley leaves were rubbed in water to remove the film of air adherent to their surface, and then immersed for 1 minute in water at the temperature of 5°° C. The leaves were then plunged into cold water for a minute, then dried, and inoculated with conidia. No trace of infection resulted on any of the leaves.
In another experiment (No. aozi) twelve barley leaves were cut off from seedlings of the same age, growing in one pot; six leaves were' immersed for 1 minute in water at the temperature of 50 0 C, and then dried rapidly by blotting paper; all twelve leaves were then inoculated. On the eighth day three of the leaves which had been heated bore numerous little clustered groups of conidiophores ; on one control leaf three isolated conidiophores were visible among the sown conidia. On the fourteenth day one of the leaves which had been heated bore numbers of scattered, whitish, quite powdery little clusters of conidiophores over the inoculated place. The conidia were sown, in fair quantity, on an uninjured leaf of barley and of wheat, and proved able to infect only the wheat. In one experiment (No. «oi8) twenty seedlings of barley, growing in a pot, were dipped for 1 minute into water at a temperature of 50° C. in such a way as to immerse all the leaves. All the leaves were then inoculated abundantly with conidia. A control pot of barley seedlings after inoculation was placed by the side. On the fifth day several of the leaves of the treated plants bore numerous flecks of mycelium with'a few young conidiophores. On the ninth day six leaves bore minute flecks of mycelium, bearing small patches of clustered conidiophores, in a few cases forming a small powdery Oidiumpatch ; many barren mycelial flecks were present on several other leaves. No trace of any infection appeared on the control plants. On one leaf the little Oidium-patch kept powdery until the sixteenth day, producing successive crops of conidia. (These conidia were sown on two uninjured leaves of barley and on one uninjured leaf of wheat, and proved able to infect only the wheat.) All traces of the primary infection, however, gradually disappeared by the end of the third week of the experiment, and no signs of any secondary infection from the conidia produced were observed.
In experiment No. £05, three barley leaves were immersed for 1 minute in water at 49-5° C. On the fifth day all the leaves presented the appearance of being fully infected, the Fungus having produced very numerous flecks of mycelium with young conidiophores. On the seventh day all the leaves bore the appearance of being fully infected ; in one case the conidia, produced in little powdery masses on the clustered conidiophores, were so numerous that they could be removed in little heaps with the blade of a scalpel. On the twelfth day this one leaf still bore quite powdery little clusters of conidiophores. Conidia were twice taken from the barley leaves and sown on two uninjured leaves of barley and of wheat; they proved able to infect only the wheat.
In experiment No. a 049, three barley leaves, after being immersed in a 10 °/ o mixture of alcohol for 4 hours, were put into cold water and heated slowly to 5o°C. All the leaves were killed.
Oat leaves were used in three experiments. In the first (No. a 033) six oat leaves were slowly heated in water up to 50 0 C. On the tenth day two of the leaves bore a few small radiating mycelial patches, one of which, on each leaf, bore two conidiophores; small barren mycelial patches occurred on two of the other leaves. This experiment was repeated (No. a 0367). On the seventh day four of the leaves bore numerous, little, spreading mycelial flecks, all barren, except two, on one leaf, which bore five and three conidiophores. In experiment No. a 062, six oat leaves were heated slowly to 55 0 C.; the leaves were killed by this treatment.
Leaves of Agropyron repens were used in one experiment (No. a 089). Three oldish leaves were slowly heated in water to 5o°C. They were then cut transversely into half, inoculated, and placed at the bottom of a Petri dish. On the seventh day most of the leaves were flaccid and dying or dead. One leaf, however, was not killed, and was still rigid, and bore numerous mycelial patches and clusters of conidiophores, presenting, in fact, the appearance of being nearly fully infected 1 . On two other nearly dead leaves patches of barren mycelium were visible.
In experiment No. a 097, four'pieces of the underground rhizome of Elymus artnarius were heated in water to 51° C. A small piece of tissue was then cut away from the side of each piece, and inoculation made on the cut surface and also over the uninjured surface of the rhizome. On the third day minute patches of mycelial hyphae were visible on two of the pieces of rhizome, and on the fifth day a few conidiophores. On the seventh day, many hundreds of conidiophores were visible on one piece of the rhizome, close by the sides of the cut, but not on the surface of it. (1) ALCOHOL.
(a) Conidia produced on barley leaves previously immersed for 4 hours in io°/ o alcohol.
EXPERIMENT NO. 77*. Conidia produced on the fourteenth day were sown, at a marked place, on a leaf of barley and of wheat 1 . By the seventh day a little powdery Oidtum-patch was produced on the wheat leaf, at the marked place; no trace of any infection appeared on the barley.
EXPERIMENT NO. a 92. Conidia produced on the fourteenth day were sown, at a marked place, on two leaves of both barley and wheat. On the seventh day the two wheat leaves were fully infected, at the marked place, with small vigorous Oidium-patches ; no trace of any infection appeared on the barley.
EXPERIMENT NO. a 99. Conidia produced on the sixteenth day were sown, at a marked place, on a leaf of barley and of wheat, and a control leaf of each placed by the side. On the fifth day both the barley and the wheat leaf bore, at the marked place, a small patch of mycelium bearing a few young conidiophores, the patch on the wheat being a little further developed than that on the barley. By the eighth day the wheat leaf had produced two small, contiguous, very powdery Oidiiim-patches; the mycelial patch on the barley leaf had not developed further, except that it now bore five conidiophores which were beginning to wither. On the eleventh day a few conidiophores were still visible on the now hyaline barley leaf, but no further growth of mycelium had taken place. The control leaves of barley and wheat remained quite free. Conidia were taken from the wheat leaf and sown in considerable quantity on a barley leaf, but no trace of any infection resulted.
EXPERIMENTS NOS. a 100 and ^015. Conidia produced on the tenth day were sown in each experiment, at a marked place, on a leaf of barley and of wheat. On the tenth day a large powdery Oidium-patch was produced, at the marked place, on the wheat leaf; no trace of any infection occurred on the barley.
EXPERIMENT NO. a 019. Conidia produced on the twelfth day were sown, at a marked place, on a leaf of barley and of wheat. By the ninth day a large vigorous and powdery patch of Oidiicni was produced at the marked place, on the wheat leaf. The powdery mass of accumulated conidia was removed from the wheat leaf. On the twelfth day the Fungus bore, at the same spot, on the wheat leaf another powdery crop of conidia. No trace of any infection occurred on the barley.
EXPERIMENT NO. a 033. Conidia produced on the twelfth day were sown, at a marked place, on a leaf of barley and of wheat. As in the above experiment, successive crops of powdery masses of conidia were produced, at the marked place, on the wheat on the ninth and thirteenth day. No trace of any infection appeared on the barley.
EXPERIMENT NO. a 043. Conidia produced on the fourteenth day were sown, at a marked place, on a leaf of barley and of wheat. Each leaf was made slightly damp with distilled water over the area of the marked place. Barley leaves bearing some hundreds of conidiophores in little scattered groups were then laid for a second over the marked place, so that hundreds of conidia were deposited on each leaf. By the eleventh day numerous powdery Oidium-patches occurred on the wheat leaf at the place of inoculation ; no trace of any infection appeared on the barley leaf. EXPERIMENT NO. a 047. Conidia produced on the ninth day were .sown, at a marked place, on a barley and a wheat leaf. By the sixth day two little powdery Oidium-patches were produced on the wheat leaf, at .the marked place; no trace of infection resulted on the barley.
:
EXPERIMENT NO. a 054. Conidia produced on the tenth day were sown on two barley leaves and three wheat leaves. The barley and wheat leaves were damped on their upper surface, and then this surface was laid for a second on a barley leaf bearing a large number of scattered tufts of conidiophores. By the seventh day all the wheat leaves were fully infected; one leaf bore over twenty small, vigorous, powdery patches of Oidium, the second leaf bore nine patches, and the third leaf three patches. By the tenth day two of the wheat leaves bore almost continuous densely powdery Oidium-patches extending for a distance of 2-5 cm. No trace of any infection appeared on the two barley leaves. EXPERIMENT NO. a 088. Conidia produced on the eleventh day were sown, at a marked place, on a leaf of barley and of wheat. By the seventh day several little powdery C/afr#wz-patches were visible, at the marked place, on the wheat; no trace of any infection appeared on the barley. EXPERIMENT NO. a 061. Conidia produced on-the tenth day were sown at a marked place on a leaf of barley and of wheat. On the seventh day a little powdery Oidmm-patch was produced on the wheat; no trace of any infection appeared on the barley.
(2) ETHER.
Conidia produced on barley leaves previously exposed for 1 minute to ether vapour.
EXPERIMENT NO. a 91. Conidia produced on the twenty-first day were sown, at a marked place, on a leaf of barley and of wheat. On the ninth day the wheat leaf bore, at the marked place, two small quite powdery Oidiutn-patches. No trace of any infection appeared on the barley leaf. EXPERIMENT NO. a 029. Conidia produced on the twelfth day were sown at a marked place on a leaf of barley and of wheat. The conidia used for inoculation had been produced in sufficient quantity to be scraped off the barley leaves with the point of a scalpel, and deposited in a little heap on each leaf. On the seventh day a large, vigorous, very powdery Oidium-patch was produced, on the marked place, on the wheat. The powdery mass of accumulated conidia was removed with a scalpel. On the tenth day another crop of densely powdery masses of conidia was produced, borne by an Oidium-pztch 7 mm. long. The conidia were again removed. On the fourteenth day a small powdery Oidmm-patch was visible, at the marked place, on the wheat leaf, which was now nearly dead. No trace of any infection appeared on the barley leaf.
(b) Conidia produced on barley leaves previously immersed in told
water and heated slowly to 50 0 C.
EXPERIMENT NO. a 034. Conidia produced on the twelfth day were sown, at a marked place, on a leaf of barley and of wheat. By the tenth day little powdery Oidium-patches were produced, at the marked place, on the wheat; no trace of infection occurred on the barley.
EXPERIMENT NO. 0036**. Conidia produced on the fifteenth day were sown, at a marked place, on a wheat leaf. On the twelfth day a little powdery Oidium-patch was produced at the marked place. EXPERIMENT NO. 0040. Conidia produced on the ninth day were sown in considerable quantity, at a marked place, on two barley leaves and on one wheat leaf. By the eighth day a vigorous powdery patch of Oidium was produced on the wheat leaf; no trace of any infection occurred on the two barley leaves.
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